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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70, 16 and 70. 1 7)): 

Description, Pages 

1 -3, 5, 7, 9-1 3, 1 6-1 9, 22-27, as originally filed 
30-41, 44, 46, 48 

4, 6, 8, 14, 15, 20, 21, 28. 29, received on 28.05.2004 with letter of 28.05.2004 
42, 43, 45, 47, 49-51 

Claims, Numbers 

1 -20 received on 28.05.2004 with letter of 28.05.2004 

Drawings, Sheets 

1/11-11/11 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 andybr 55.3). 

3. With regard to any nucleotide and>Dr amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. . . _ 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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5. □ This report has been established as if (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability: 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-20 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-20 




No: 


Claims 




Industrial applicability (lA) 


Yes: 


Claims 


1-20 




No: 


Claims 





2. Citations and explanations 
see separate sheet 
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Re Item V 

Reasoned statement with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1 - The amendments filed by the applicant introduce subject-matter which extends 
beyond the content of the application as filed, contrary to Article 34(2)(b) POT: 
Present claim 2 is an added subject-matter which found no basis within the content of the 
application as filed. Moreover, the subject-matter of claim 2 can not disclaim the content 
of the document D1 which is from the same technical field. 

2 - The following documents (D1 ,D2,D3) are referred to in this communication (Article 33(6) 
PCT); the numbering will be adhered to in the rest of the procedure: 

D1: WO 91 09079 A (ERBA CARLO SPA) 27 June 1991 (1991-06-27) cited in the 
application 

D2: HILE D D ET AL: 'Active growth factor delivery from poly(d,l-lactide-co-glycolide) 
foams prepared in supercritical C02' JOURNAL OF CONTROLLED RELEASE, 
ELSEVIER SCIENCE PUBLISHERS B.V., AMSTERDAM, NL, vol. 66, no. 2-3, May 
2000 (2000-05), pages 177-185, XP0041 93066 ISSN: 0168-3659 

D3: WO 02 00275 A (GRIFFITHS IAN ;SEARGEANT KENNETH MALCOLM (GB); 
VICTREX MFG LTD (GB) 3 January 2002 (2002-01-03) 

4. Novelty (Article 33(2) PCT) 

- The subject-matter of present claims 1-20 is new for the following reasons (Article 33(2) 
PCT): 

- Document D1 refers to a process for the preparation of a polymer composite wherein 
active compounds such as therapeutic agents, growth factors are loaded into a polymer 
directly in one step by using a supercritical fluid technique (Cf. D1, page 8, lines 2-7; page 
9, lines 12-19; examples 1-4; claims 1-7). 

- Document D2 describes a process for the preparation of a polymer composite, wherein 
growth factors are loaded into a polymer directly in one step by using a supercritical fluid 
technique (Cf. D2, the whole document). 

- Document D3 refers to a process for the preparation of a polymer foam, wherein active 
compounds are loaded into a polymer directly in one step using a supercritical fluid 
technique (Cf. D3, page 1, lines 3-22; page 20, lines 13-33; page 29, line 5-page 30, line 
16). 
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None of the documents D1-D3 refers to a process as described in present claim 1 , wherein 
the preparation of a polymer composite is loaded with functioning matter selected from 
mammalian, plant and bacterial subcellular, cellular or multicellular matter, liposomes, and 
aggregates and mixtures thereof , wherein the process comprises contacting a polymer 
substrate and functioning matter with a plasticising fluid which is capable of plasticising 
polymer in its natural state or in supercritical, near critical, dense-phase or subcritical state 
having fluid density in the range 0.001 a/ml up to 10 a/ml under plasticising conditions . 

5. Inventive Step (Article 33(1 ),(3) PCT) 

- The subject-matter of present claims 1-20 is considered as being inventive for the 
following reasons (Article 33(1), (3) PCT): 

- The subjective problem of the present application is to provide a method for loading 
functioning matter selected from mammalian, plant and bacterial subcellular, cellular or 
multicellular matter, liposomes and aggregates and mixtures thereof, in one step, in 
contrast with forming a scaffold and seeding with said functioning matter (see application, 
on page 4, lines 13-16). 

- Document D1, which is considered as the most relevant state of the art, describes a 
process for the preparation of a polymer composite wherein active compounds such as 
therapeutic agents, growth factors are loaded into a polymer directly in one step by 
using a supercritical fluid technique (Cf. D1, page 8, lines 2-7; page 9, lines 12-19; 
examples 1-4; claims 1-7). 

- The objective technical problem may be seen as to provide a process for forming cell- 
laden scaffolds in one step. 

- The solution provided by the present application is a process for the preparation of a 
polymer composite loaded with mammalian, plant and bacteria! subcellular, cellular or 
multicellular matter, liposomes, and aggregates and mixtures thereof using a process as 
described in present claim 1 . 

- The difference between the claimed subject-matter and the teaching of the closest prior 
art is the load within the polymer matrix of functioning matter selected from mammalian. 

- plant and bacterial subcellular, cellular or multicellular matter, liposomes, and aggregates 
and mixtures thereof with a plasticising fluid which is capable of plasticising polymer in its 
natural state or in supercritical, near critical, dense-phase or subcritical state having fluid 
density in the range 0.001 g/ml up to 10 g/ml under plasticising conditions 
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- Neither D1-D3 nor their connbination renders the subject-matter of present claims 1-20 
obvious. Therefore, the subject-matter of present claims 1-20 involves an inventive step 
(Article 33(1 ),(3) PCT). 

6. Industrial Application (Article 33(4) PCT) 

- The subject-matter of present claims 1-20 is considered to be industrially applicable; 
claims 1 -20 therefore, satisfy the criterion set forth in Article 33(4) PCT. 
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Polymers are also being developed in biomedical applications as biological cell- 
laden scaffolds for use as biomedical inserts such as bone inserts, and as organ 
and tissue modules for in vitro and in vivo use, as inserts or for in vivo studies. 
A considerable effort is being invested in developing scaffolds which encourage 
5 growth and development of particular types of living matter and in particular 
configurations to mimic living systems. Cell-loading is typically by dropping 
a cellular soup onto the scaffold surface and allowing to permeate in whereby 
cells are seeded and are found to grow and proliferate into and diroughout the 
scaffold itself on culturing. This is relatively time consuming, die rate limiting 
10 factor being the cell growth and proliferation, moreover each scaffold must be 
configured for the desired growth configuration. 

It is an object of the present invention to provide a method for loading ceUs into 
polymers directly, i.e. for instant production of cell-laden scaffolds, in one step, 
1 5 in contrast with forming a scaffold and seeding wift ceUs. To date no one has 
found a means to achieve this, and keeping the cells alive. 



"Bacterial inactivation by using near- and supercritical carbon dioxide" Dtllbw 
etal, Proc. Natl. Acad. Sci. USA, Vol 96 pp 10344-10348, Aug 1999 discloses 

20 contacting bacterial cells with SC CO2 under supercritical conditions of 25 - 
35C, 2.05 X 10^ Nm ' (205 bar) in the absence and presence of polymer 
microspheres. Contact times of 0.1 to 4 horns, typically 30 and 45 minutes were 
employed . Contacting was reported to achieve bacterial inactivation and thus 
sterilisation of polymer where present Sterilisation and virus inactivation kits 

25 using SCF are available. 

Wc have now surprisingly found, contrary to the indications of Dillow, that the 
properties of plasticising fluids in general may be employed in the preparation 
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for Ihe preparation of a polymer composite loaded with fiinctioning matter 
wherein the process comprises contacting a polymer substrate and an amount 
of fimctioning matter with a plasticising fluid, or mixture of plasticising fluids, 
under plasticising conditions for a period sufficient to plasticise and/or swell 
5 the polymer and incorporate the functioning matter, and releasing the 
plasticising fluid to obtain the polymer composite, wherein contacting is at a 
pressure in the range 1 x 1Q5 Nm-2 to i x IpB Nm-^ (1 to 1000 bar) and a 
temperature in the range -200 to +500OC selected in manner that at least a 
proportion of functioning matter does not freeze or rcfreeze during processing, 
10 or if at a temperature at which freezing or refreezing may occur, that either 
matter is desiccated or a pressure constraint is applied, whereby pressure is in 
a range having a miaxhnum of less than 1 x IpS Nm-2 (lOOO bar) throughout 
contact of functioning matter and plasticising fluid, whereby at least a 
proportion of fimctioning matter retains its function in the polymer composite. 
1 5 For exanqale we have observed that fieezing or refieezing may take place during 
processing with carbon dioxide as plasticising fluid at least in the temperature 
range +4 to +350C. 

Reference herein to functiomng matter is to matter which under favourable 
20 conditions is capable of performing a function, such as growth, movement, 

metabolism of substances, generation of substances for example, or other 

functioning typicaUy attributed with Hving matter and whose function is 

reversibly or irreversibly prejudiced under non favorable conditions. 

Functioning matter according to the invention may not be actively fimctioning 
25 at all times but may be dormant or inactive at any given time, and in particular 

is unlikely to be actively functiomng during the process of the invention. 

Functioning niatter may be chemically or physically preserved prior to contact 
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composite, wherein contacting is with ciyopreserved or non cryopreserved 
functioning matter and is conducted at a temperature in a range at which 
functioning matter remains frozen or unfrozen, or thaws without refreezing 
during contacting, for example -100 to +4 OC, +35 to -MOGOC or is with 
cryopreserved or non ciyopreserved functioning matter and is conducted at a 
temperature at least in the range +4 to +350C and maximum pressure less than 
1 X 108Nm-2 (1000 bar), which may be less than 4 x 10? Nm-2 (400 bar) or 
2.7Sx IQ^Nrn-^ (275 bar), for example in the range 5x lO^Nm-^ to75x 10^ 
Nnr^ (5 to 75 bar) throughout contact of functioning matter and plasticising 
fluid, whereby fimctioning matter retains its fimction in the polymer composite. 

Reference herein to functioning matter is to matter capable of performing or 
exhibiting specific fimctioning, and whose functioning is harmed by contact 
with plasticising fluid under plasticising conventional conditions. For example 
SCF dissolves or diffuses into biological cells and like enclosed fluid matter 
such as liposomes with harmful effect on cell fimctioning or liposome content 
fimctioning. Biological cells comprise liquid contents and SC CO2 can easily 
penetrate, permeate and cause damage to these contents. 

Chemical or physical preservation according to the invention preferably 
comprises rendering fimctionmg matter dormant, and therefore is reversible. 
Preferably preservation comprises rendering functioning matter in plasticising 
fluid-impenetrable state and/or isolating functioning matter contents which 
facilitate plasticising fluid damage. 

Preferably functioning matter is non cryopreserved, ie non frozen or is 
physically preserved by cryopreservatioii, i.e. freezing, preferably at a 
temperature in the range -10 to -100*>C, most preferably - 20 fo - 75°C. " 
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(C02). 

Optimum temperature in these ranges may depend in part on the nature of 
functioning matter to be processed and on the plasticising fluid or fluids to be 
employed, as hereinbefore described. For most fluids a typical tetnperatui« may 
5 be in the range approximately 1 0 to 1 5«>C, 1 5 to 25*^:, 25 to 3(rC, 30 to 35*^, 
35 to 45*H:I or 45 to 55"C, Other sub ranges riiay be envisaged and are within the 
scope of the invention. Preferably the lowest t^perature is employed which is 
compatible with sufficient lowering of the polymer Tg to achieve plasticisation. 
To operate at ambient temperature, the process of the mvention may require 
1 0 compensation by increase in pressure. 

Throughout contact with plasticising fluid, undear conditions which typically 
comprise ambient temperature or elevated temperature, frozen functioning 
matter is preferably maintained frozen, for example by conducting tiie process 
15 in a vessel and cooling the vessel; or is allowed to thaw during processing, 
which also maintains viability. Significantly the process of the invention ensures 
frozen functioning matter is not allowed to thaw and refreeze during processing 
wliich can prejudice viability. 

Plasticising fluid typically comprises a pressure less than, equal to or greata- 
20 than the plasticising fluids critical pressure (Pc) from in excess of 1 x lO^Nm-^ 
to 1 X 109 Nm-2 (i bar to 10000 bar), preferably 1 x 10^ Nm-2 to 1 x 10^ Nm- 
- for example 2 x 105 Nm-2 to 8 x 10^ Nm-2 (l to 1000 bar, for example 2 to 
800 bar). Preferably plasticising conditions according to the present invention 
comprise a pressure in the range 2 x 10^ Nm'^ to 4 x 10^ Nm'^ (2 to 400 bar), more 
25 preferably 5 x 10^ Nm'^ to 2.65 x 10^ Nm"^ (5 to 265 bar), most preferably 5xltfNm' 
^ to 75 X 10* Nm-^ (5 to 75 bar). In the case of functioning matter preserved by 
imposing pressure constraint we have .surprisingly found that.operation at a. . 
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pressure in a preferred range of 5 x 10^ Nm-2 to 75 x IpS Nm-2 (5 to 75 bar) 
and at temperatures in the range of +4 to +37 oc maintains viability of 
functioning matter. 

5 Optimum pressure in these ranges may depend in part on the nature of 
fiinctioning matter to be processed and on the plasticising fluid or fluids to be 
employed, as hereinbefore described. For most fluids pressure will be in the 
range approximately 3 x 10^ Nm-2 to 4 x 10^ Nm-2 (30 to 40 bar), 4 x 106 Nm' 
2to5xl06Nm-2 (40 to 50 bar), 5 x 10^ Mm-2 to 6 x 10^ Nm-2 (50 to 60 bar), 
10 6 X 106 to 7.5 x 10^ Nm-2 (60 to 75 bar), most preferably approximately 
3.4 X 106 Nm-2 to 7.5 x 10^ Nm-2 (34 to 75 bar) (dense phase or supercritical 
CO2). Oflier sub ranges may be envisaged and are within the scope of this 
invention. 

Fluid may be provided at plasticising conditions prior to contacting with 
15 polymer and fimctioning matter or may be brought to plasticising conditions in 
contact with one or both of polymer and ftinctioning matter. Swelling and 
plasticisation may be simultaneous or sequential or plasticisation may occur 
without swelling. 

The process is conducted for a suitable contact time of plasticising fluid and 
20 famctioning matter which can be employed without prejudidng functioning of 
matter. For example it is important that the process is conducted with contact 
time such that there is little or no thawing of frozen functioning matter. In a 
particular advantage the process may be carried out for very short contact time 
of plasticising fluid and functioning matter of 2 milliseconds up to 1 0 minutes, 
25 more preferably 20 milliseconds to 5 minutes, more preferably 1 second to 1 
minute, more preferably 2 to 30 seconds, most preferably 2 to 15 seconds. In 
-this case a non-uniform distribution may be acceptable. Alternatively contact - 
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be subjected to conditions of elevated temperature and pressure increasing 
density thereof up to and beyond a critical point at which the equilibrium line 
between liquid and vapour regions disappears. Supercritical fluids are 
characterised by properties which ate both gas like and liquid like. In paiticular, 
the fluid density and solubility properties resemble those of liquids, whilst the 
viscosity, sur&ce tension and fluid difliision rate in any medium resemble &ose 
of a gas, giving gas like penetration of the mediimi 



Preferred plasticising fluids include carbon dioxide, di-nitrogen oxide, carbon 
disulphide, aliphatic C2-10 hydrocarbons such as ethane, propane, bntane, 
10 pentane, hexane, ethylene, and halogenated derivatives thereof such as for 
example carbon tetrafluoride or chloride and carbon monochloride trifluoride, 
and fluoroform or chloroform, Ce-lQ aromattcs such as benzene, toluene and 
xylttie, C1-3 alcohols such as methanol and eflianol, sulphur halides such as 
sulphur hexafluoride, ammonia, xenon, krypton and the like, or a mixture 
15 thereof. Typically these fluids may be brought into plastidsing conditions at 
temperature of between -aOO^C to + SOOX and pressures of in excess of ix 10^ 
Nm-" to 1 X 10" Nm-' (1 bar to 10000 bar), as hereinbefore defined. It will be 
appreciated that the choice of fluid may be made according to its properties, for 
example diffusion and polymer plasticisation. Preferably the fluid acts as 
20 solvent for residual components of a polymer composite as hereiid>efore defined 
but not for polymer or functioning matter as hereinbefore defined. Choice of 
fluid may also be made with regard to critical conditions which facilitate the 
commercial preparation of the polymer as hereinbefore defined. Supercritical 
conditions of some fluids are shown in Table 1 . 
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Table 1 



Fluid 


Critical Temperature / "^C 


Critical Pressure / x 10^ 






Nm-2 fbar) 


Carbon dioxide 


3L1 


73.8 


btliane 


32,4 


48.1 


Ethylene 


9.3 




Nitrous oxide 


36.6 


71.4 


Xenon 


16.7 


■J f t\I 


rluoroiorm CHr3 


26.3 


48.0 


Monoiluoromethane 


42 


55.3 


Tetrafluoroethane 


55 


40.6 


Sulphur hcxafhioride 


45.7 


37.1 


Chlorofluoromethane 


29 


38.2 


Chlorotrifluoromethane 


28.9 


38.7 


Nitrogen 


-147 


33.9 


Ammonia 


X32.5 


111.3 


Cyclohexane 


280.3 


40.2 


3enzene 


289.0 


48.3 


Toluene 


318.6 


40.6 


Trichlorofluoromethane 


198.1 


43.5 


Propane 


96.7 


41.9 


Propylene 


91.9 


45.6 


Isopropanol 


235.2 


47.0 



i 

i 
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and . , bioc eraTOics^— o<her---minerals; hy^iari, polyethj^lGneoKiliei^.^MC 
fearb^methylcellulose), proteins, organic .po}3miers, : arid- the like-ancU- 
.^sewpenrats adapted- for t-iacoipbratipn-as^impl^^^ jnto, meniscus, cartilage, 
ti'ssiie-and the like-fflid preferably-promote growtfi, modelling, eahancing or 
jSinfoi!ciii3g.Qf coll^^ other natural compon&its of theseiiast. 

structures,, . 

Additional biofottctional componeat(s) may be mixed with the polymer and 
fundtioning matter or niay be introduced by subsequent soaking or iropiegnation 
of function! ng matter laden product composite. 

Biofunctional components may be present in any desired amoimt for example 
as hereinbefore defined for functioning matter. For example a composite may 
comprise 80 wt% hydroxyapatite, 10 wt% cells, less than 1 wt% growth factor 
and more than 1 wt% antibiotic. 



Accordingly in a preferred embodiment there is provided according to the 
present invention a process as hereinbefore defined for the preparation of a 
polymer composite comprising biofunctional matter as hereinbefore defined and 
loaded with functioning matter as hereinbefore defined wherein the process 
comprises in a first stage contacting the bioftincttonal material and polymer and 
a plasticising fluid as hereinbefore defined under plasticising conditions as 
hereinbefore defmed to plasticise and/or swell the polymer and incorporate the 
biofunctional material and subsequently introducing an amount of functioning 
matter and combining with polymer, and releasing the plasticising fluid to 
obtain the polymer composite, wherein contacting is at a pressure in the range 
1 X 105 Nm- 2 to 1 X 108 Nm-2 (1 to 1000 bar) and a temperature in the range 
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'200 to +200OC selected in maimer that at least an amount of functioning matter 
does not freeze or refrecze during processing or if at a temperature at which 
freezing or refreezing may occur, that either matter is desiccated or a pressure 
constraint is applied in a range having a maximum pressure less than 1 x 10& 
5 Nm-2 (1 000 bar) throughout contact of functioning matter and plasticising fluid, 
whereby at least an amount of functioning matter retains its function in the 
polymer composite. Or example we have observed that freezing or refreezing 
may take place during processing with carbon dioxide as plasticising fluid at 
least in the temperature range -K to +350C. Functioning matter may be 
10 chemically or physically preserved against hamiful effects associated with the 
plasticising fluid as hereinbefore defined and is maintained in preserved state 
preferably in dry form, for example may be cryopreserved or desiccated 
throughout contact therewith. Alternatively matter may be in hydrated, non 
frozen form. 

15 

If porous, a composite may comprise open or closed cell pores. Composite 
obtained with a very open porous stracture, known as microcellular, is ideal for 
biomedical and biocatalytic applications for example supporting growth of 
blood vessels and collagen fibres throughout the matrix* and forming structures 
20 resembling bone, meniscus, cartilage, tissue and the like, and providing a 
structure for throughput of substrate for biocatalysis and bioremediation and the 
like. 



Non-porous, open or closed cell composite may be useful for biodegradable 
25 staged or prolonged release delivery applications of functioning matter or 
bioftmctional material not requiring leaching in or out or other access. Release 
_ _ may-be-m-v/^m or m-vzvo and-by parenteral, or^^^ 
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Figure 4 shows scanning electron micrograph images of cell-laden polymer 
composite fabricated according to the invention; viability of murine 3T3 
fibroblasts is observed, with post processing incubation from Days 1 to 8, as 
5 described in the Examples showing spreading and attachment of cells and 
plaque formation 

Figure 5 shows a scanning elwlron micrograph image of the cell-laden polymer 
composite of Figure 4 at Day 8 in greater magnification. 



Figure 6 shows the viability of Ovine meniscal fibrochondrocytes (OMC) and 
3T3 Fibroblasts after exposure to high pressure CO2 for increasing time 
periods. Frozen cells were exposed to high pressure CO2 at 68 x 10^ Nm;^ (68 
bar) and a temperature of 4^C for time periods of 1 to 30 minutes. Cells were 
then cultured and the viability of each cell type was measured. 



Figure 7 shows tibe effect of temperature on Ovine meniscal fibrochondrocytes 
(OMC) and 3T3 Fibroblasts. Frozen cells were exposed to high pressure CO2 
at 68 X 10^ Nm'^ (68 bar), for an exposure time of 66 seconds at starting e^qjosure 
temperatures from 4 to 60^C, 



Figure 8 shows the effect of pressure on frozen Ovine meniscal 
fibrochondrocytes (OMC) and 3T3 Fibroblasts, Frozen cells were exposed to 
high pressure CO2 between 34 and 204 x itf Nm ^ (34 and 204 bar), the starting 
exposure temperature remained constant at 4^C and the exposure time was fixed 
at 66 seconds,. 
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Figure 9 shows prolifaration of primary chondrocjrtes over an 8 day period after 
exposure to a range of pressures of CO2. CcUs had been frozea and exposed to 
high pressure CO2 between 34 and 204 x 10^ Nm"^ (34 and 204 bar), at a starting 
exposure temperature of 4^C and exposure time of 66 seconds. 

Figure 10 shows the effect of temperature on Ovine meniscal fibiochondrocytes 
(OMC). In this example cells were not frozen prior to raqxjsute to high pressure 
CO2 at 68 X 10^ Nm ' (68 bar), for an exposure time of 66 second, at starting 
exposure temperatures from 4 to 6OOC. 

Figure 1 1 shows the effect of pressure on Ovine meniscal fibrochondiocytes 
(OMC). These cells were not frozen prior to exposure to high pressure CO2 
between 34 and 204 x 10" Nm'^ (34 and 204 bar),; the starting exposure 
temperature remained constant at 40C and the exposure time was fixed at 66 
seconds. 



Materials and Methods 
Isolation of Cells 

Ovine meniscal fibrochondrocytes (OMC) were isolated from the stifle joint of 
3-6 month old Jambs (slaughtered for the food chain) and the fibrochondrocytes 
isolated by digestion with pronase E (0.0 1 g/g cartilage; Merck, UK) for 3 hours 
5 at 370c at 5%C02, followed by further digestion with collagenase (type II 0.02 
g/g of cartilage; Lome Laboratories, UK) for IS hours at 370C 5% CO2. Cells 
were passed through a 70 yun filter (to remove undigested tissue), washed by 
centrifugation and e^qjanded in culture in a humidified atmosphere at 370C, 5% 
CO2 in DMEM supplemented with 10% FCS, 10% (v/v) foetal calf serum 
1 0 (FCS), 2 mM L-glutamine, 1 00 units/ml penicillin, 0. 1 mg/ml streptomycin, and 
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Pressurisation of CO^. 



For aD experiments, pressurised CO2 was pumped through the ^stem by a 
5 Pickcl pump (PM-1013; New Wave Analysis, Switzerland), through a back 
pressure regulator (model number BP-1580-81; Jasco, UK), to a 10 ml Thar cell 
autoclave (Thar Designs Inc, USA). For length of exposure experiments, the 
Hiar cell was filled with higji pressure CO2 at a constant rate of 2.83 x 10^ Nm- 
^(2.83 bar/s) until 68 x 105 Nrn'^ (68 bar) was reached. The vessel was held 

1 0 at pressure for the desired length of time ( 1 , 3, 5, 1 5, and 30 min) and die vessel 
vented until the pressure had returned to atmospheric (total time for filling and 
venting 37.5 s). For effect of pressure and temperature experiments, die 
autoclave was filled to desired pressure in 24 s (rate 2.83 x 10^ Nm~^ 
(2.83bar)/s), this pressure was held for 12 s, and the autoclave vented for 30 s 

15 (total time 66 s). Temperature was controlled using ice (40Q, cold water 
(I50C), room temperature (220C), and a heating block (specially designed to 
hold the autoclave) for 370C, 45^0, and 6OOC. 

Conditions for frozen cells 

20 For all experiments using frozen cells, cells were kept frozen in liquid N2 
vapour prior to exposure to high pressure CO2. Following exposure, cells were 
stored on ice prior to being transferred to a 24 well tissue culture plastic plate 
with 1 ml warm complete media. Cells were incubated at 370C, 5% CO2 for 3 
hours to allow for cell adhesion. The media was carefully removed so as to not 

25 disturb the cells and replaced with fresh (1 ml). Cells were incubated for a 
further 21 hours (day 1) prior to Alamar Blue assay. For cells cultured for more 
than one day, the Alamar Blue was removed at the end of the.assay and replaced 
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Example 1 — Isolation of Functioning matter 

Biological cells were prepared as cither frozen or desiccated particles, A 
suspension of mouse 3T3 fibroblasts in 10% DMSO in FCS (foetal calf scrum) 
containing 0. 1 M HEPES buffer pH 7 was fix>zen in a mould at -70^C for at least 
2 hours (and up to one week) prior to exposure to dense phase CO2. The 
resulting cell pellet was immersed in liquid nitrogen and then physically 
disnq^tcd with a pestle and mortar to form particles with average diameters of 
between 50 and 1000 micron- DMSO acts as a cryopreservation agpnt allowing 
freezing and thawing without damage, as known in the art 

Example 2a - Composite fomiation of Polymer with homogeneously dispelled 
isolated Functioning matter, by dense phase fluid processing within the 
autoclave. 

Starting materials were poly pL-lactic acid) (100 ^ 200 mg) and frozen 
mammalian cells obtained from Example 1. The fr-ozen cells were seeded 
5 between two part-formed PLA slices and these were placed within an autoclave. 
The temperature was maintained at 4°C. Carbon dioxide was pumped into the 
autoclave until a pressure of 68x lO^ Nm"2 (lOOO psi, 68.03 bar) was achieved. 
A stirrer within the autoclave was rotated to combine the polymer and cell 
particles. In this case the stirrer was a helical impeller. After 10 seconds of 
10 exposure the pressure was rapidly released by opening a valve. The composite 
comprising polymer loaded with frozen cells was then removed from the 
autoclave and stored frozen in liquid nitrogen. 

Example 2b 
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Alamar blue assay, using a scaffold processed in the same way but without 
cells as the assay blank. Following the Alamar blue assay, scaffolds were 
washed with PBS and a small piece cut and fixed in 3% glutaraldehyde at 
4^C for at least overnight prior to further processing for SEM, The remainmg 
5 scaffold was cultured further in complete medium and the above repeated at 
day 4 and 8. 
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i^xamplc 6 - Viability of frozen functioning matter following exposure to 
high pressure COo 

10 Ovine meniscal fibrochondrocytes (OMC) or 3T3 fibroblasts suspended in a 
modified freezing mediimi were fiiozen at -80OC overnight in a mould- These 
solid frozen cell pellets, each containing 2 x 10^ cells/ml, were exposed to high 
pressure liquid CO2 (4^C and 68 x IpS Nm'^ ( 68 bar)) for increasing time 
periods and cultured for 24 hours in complete culture medium. The viability of 

15 each cell type measured using the Alamar Blue assay and quoted as a 
percentage of control cells is shown in Figure 6. Populations of both cell types 
retained over 30% viability after Imin of exposure. After 3 rain exposure only 
the OMC population retained viability. After 5 min exposure both populations 
had died. 

20 Example 7 - Effect of Temperature on frozen fttnctioning matter 

OMC or 3T3 fibroblasts were exposed to high pressure liquid CO2 according 
to tiie method of Example 6. The pressure was kept constant at 68 x 10^ Nm"^ 
(68 bar), the total exposure time was fixed at 66 seconds and the starting 
exposure temperature was varied. The cells were then cultured as described in 

25 Example 6 and the viability of each cell type measured using the Alamar Blue 
assay and quoted as a percentage of control cells. The results in Figure-? show' 
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a trend of increased population viability, for both cell types, at higher 
temperatures. At 45 and 60''C the population viability approaches 100% of the 
control. Heating occurs as CO2 is pumped rapidly into the vessel and results 
m a partial or complete thawing of tte cell pellet at all startmg teniperatures. 
5 Then, as the pressure falls rapidly at the end of the ejq^osure period a sharp fell 
in temperature may occur. It appears that at starting temperatures of 4, 1 5 and 
22^C tfie Joules-Thompson cooling effect is sufficient to re-freeze the cell pellet 
with the expected loss of cell viability resulting from rapid ice crystal fomiation. 
In contrast at 37, 45 and 60°C the autoclave is partially insulated against the 
10 final temperature fall and the cells remain witliin the recently thawed 
suspension. 



Example 8 Pressure range for frozen functioning matter 
OMC or 3T3 fibroblasts were exposed to high pressure liquid CO2 according 
to the method of Example 6. The total exposure time and starting exposure 
temperature were fixed. The results shown in Figure 8 show cell viability after 
exposure to pressures between 34 x 1 0^ Nm"^ and 204 x 10^ Nm"2 (34 and 
204 bar). For all experiments we observed variability in the cell survival data 
resulting from the effect of cryopreservation on overall viability of both cell 
type populations. However, accepting the inherent noise within the data from 
cryopreserved cells, there is a drop of population viability from 70% at 34x 10^ 
Nm-2 (34 bar) to less than 50% at greater pressures. The effect of Joules- 
Tliompson heating and cooling complicates data interpretation as temperature, 
pressure and exposure time cannot be independently varied. However, the 
observation of cell survival up to 204 x 10^ (204 bar) remains valid. A 

further step in the analysis of the primary chondrocytes post CO2 exposure is 
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shown in Figure 9 where cell proliferation over an 8 day period is evident. 
Similar rises in cell number were recorded after exposure to all pressures. 

Example 9 - Viability of non-frozen functioning matter following exposure to 
high pressure COp 

TTie cell suspension, in modified freezing medium, was diluted to the desired 
cell number and transferred to the moulds as described previously. Cells were 
kept on ice prior to and following exposure to high pressure CO2 conditions and 
then transferred to complete cell culture media for culture. Cell viability was 
assessed using the Alamar Blue viability assay as described in Example 5. 
Figure 10 shows the effect of temperature on the viability of non-frozen OMC. 
At temperature of 12, 22 and 37^C over 60% viability was maintained but at 
higher and lower temperatures viability decreased to less dian 40%. Figure 1 1 
shows the effect of pressure on the viability of non-frozen OMC. At 40C, OMC 
population survival was unaffected by short exposure to 34x 10^ Nm^2 (34 i^^f^ 
pressure of CO2 but at pressures of 68 bar and above viability was 
compromised. 

Further aspects and advantages of the invention wUl be apparent from the 
foregoing. 
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CLAIMS 

1. A process for the preparation of a polymer composite loaded with 
5 functioning matter directly in one step, wherein functioning matter is selected 
from mammaUan, plant and bacterial subcellular^ cellular or multicellular 
matter, liposomes, and aggregates and mixtures thereof wherein the process 
comprises contacting a polymer substrate and functioning matter with a 
plasticising fluid or mixture of plasticising fluids comprising a liquid or 

10 gaseous fluid which is capable of plasticising polymer in its natural state or in 
supercritical, near critical, dense-phase or subcritical state having fluid density 
in the ran ee 0.001 g/ml up to 10 g/ml imder plasticising conditions to 
plasticisc and/or swell the polymer and incorporate the functioning matter, and 
releasing the plasticising fluid to obtain the polymer composite, wherein 

15 contacting is for a short contact time of 20 milliseconds up to 5 minutes at a 
pressure in the range 1 x 10^ to 1 x 10^ Nm"^ (1 to 1000 bar) and a temperature 
in the i-ange -200 to +500C, selected in manner that at least a proportion of 
functioning matter does not freeze or refreeze during processing, or if at a 
temperature at which freezing or refreezing may occur, that either matter is 

20 desiccated or a pressure constraint is applied whereby pressxire is in a range 
having a maximum pressure less than 1 x 10^ Nm'^ (1000 bar) throughout 
contact of functioning matter and plasticising fluid, whereby at least a 
proportion of functioning matter retains its function in the polymer composite. 

25 2. A process as claimed in Claim 1 with the proviso that it is carried out 
for very short contact time of plasticising fluid and functioning matter of less 
than 3 minutes, 
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3. A process as claimed in any of Claims I and 2 wherein contacting is 
with cryopreserved or non cryopreserved functioning matter and is conducted 
at a temperature at least in the range +4 to +35®C and maximum pressure less 
than 4 x 10^ Nm'^ (400 bar) throughout contact of functioning matter and 

5 plasticising fluid* 

4. A process as claimed in any of Claims 1 to 3 contacting is with 
cryopreserved or non cryopreserved functioning matter and is conducted at a 
temperature at least in the range +4 to +35°C and maximum pressure less than 

10 2.75 X 10"^ Nm'^ (275 bar), for example in the range 5 x 10^ Nm'^ to 75 x 10^ 
Nmf (5to75bar). 

5. A process as claimed in any of Claims 1 to 4 wherein contacting is with 
carbon dioxide as plasticising fluid wherein fteezing or refreezing may take 

15 place during processing at least in the temperature range +4 to +35''C, and a 
pressure constraint is applied. 

6. A process as claimed in any of Claims 1 to 5 wherein at least 20% of 
functioning matter maintains function* 

20 

7. A process as claimed in any of Claims 1 to 6 wherein plasticising 
conditions comprise a pressure in the range 2 x 10^ Nm"^ to 4 x 10^ Nm"^ (2 to 
400 bar), more preferably 5 x 10^ Nm'^ to 2.65 x 10^ Nm"^ (5 to 265 bar). 

25 8. A process as claimed in any of Claims 1 to 7 wherein plasticising fluid 
includes carbon dioxide, di-nitrogen oxide, carbon disulphide, aliphatic C2-10 
hydrocarbons such as ethane, propane, butane, pcntane, hexane, ethylene, and 
, halpgenated derivatives thereof such._as for example carbon tetrafluoride or 
chloride and carbon monochloride tiifluoride, and fluoroform or chloroform, 

30 C^-io aromatics such as benzene, toluene and xylene, C1-3 alcohols such as 
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methanol and cthanol, sulphur halides such as sulphur hcxafluoride, 
ammonia, xenon, krypton, or a mixture thereof. 

9. A process as claimed in any of Claims 1 to 8 wherein functioning 
5 matter is present in an amount with respect to polymer of 1x10*'^ wt% to 99.9 
wt%. 



10. A process as claimed in any of Claims 1 to 9 wherein functioning 
matter is seJected from mammalian, plant and bacterial cells including 
(subcellular) organelles and aggregates thereof including pancreatic islet or 
liver spheroids and the like; and liposomes as carrier of sensitive matter. 

11- A process as claimed in any of Qaims 1 to 10 wherein tunctioning 
matter is selected from mammalian and plant prokaryotic and eukatyotic cells 
and mixtures and aggregates thereof; and liposomes as earner of protein or 
enzymes. 



12. A process as claimed in any of Claims 1 to 11 wherein functioning 
matter comprises mammalian cells selected from fibroblasts, 
fibrochondrocytes, chondrocytes, bone forming cells such as osteoblasts and 
osteoclasts, bone mairow cells, hepatocytes, cardiomycytes, blood vessel 
forming cells, neurons, myoblasts, macrophages, microvascular endothelium 
cells and mixtures thereof and collagen, and liposomes. 



13. A process as claimed in any of Claims 1 to 12 for the preparation of a 
polymer composite additionally comprising biofiinctional material and loaded 
with functioning matter wherein the process comprises in a fit^t stage 
contacting biofiinctional material selected from drugs nnd vnt erinarv oroducte. 
agrochemicals, human and animal health p roducts, hum^n and animal Prnvvth 
promoting, structural or cosmetfc p r oducts, and absorbent materials for 
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poisons and toxins and polymer and a plasticising fluid or a mixture of 
plasticising fluids under plasticising conditions to plasticise and/or swell the 
polymer and incorporate the biofunctional material. 

14, Process as claimed in any of Claims 1 to 13 wherein polymer is 
selected from: polyesters including poly(lactic acid), poly(glycolic acid), 
copolymers of lactic and glycolic acid, copolymers of lactic and glycoHc acid 
with poIy(ethyleue glycol), poly(e-capiolactone), poly(3-hydroxybutyrate), 
poly(p-dioxanone), poly(propylene fiunarate); poly (ortho esters); 
polyanhydrides; Poly(amino acids); polyacetals; polyketals; polyorthoesters; 
Polyphosphazenes; azo polymers; synthetic Non-biodegradable Polymers 
selected from: Vinyl polymers including polyethylene, poly(ethylene-co-vinyl 
acetate), polypropylene, poly(vinyl chloride), poly(vinyl acetate), poly(vinyl 
alcohol) and copolymers of vinyl alcohol and vinyl acetate, poly(acrylic acid) 
poly(metliacrylic acid), polyacrylamides, polymefhacrylamides, polyacrylates, 
Poly(ethylene glycol), Poly(dimethyl siloxane), Polyurethanes, 
Polycarbonates, Polystyrene and derivatives; and Natural Polymers selected 
from carbohydrates, polypeptides and proteins. 

15, A polymer composite comprising a polymer loaded with functioning 
matter selected from mammalian, plant and bacterial subcellular, cellular or 
multicellular matter and aggregates and mixtures fliereof obtainable bv the 
process as defined in any of Claims 1 to 14, wherein at least 20% of 
functioning matter has retained function in the polymer composite. 

16, A polymer composite comprising a polymer loaded with functioning 
matter selected from mammalian, plant and bacterial subcellular, cellular or 
multicellular matter and^aggrcgates and mixtures thereof as defined in anv of 
Claims 1 to 14 wherein functioning matter is non-established, ie is directly 
loaded functioning matter, and is not proliferated, grown, adhered or otherwise 
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modified post loading, at least 20% of which has retained function in the 
polymer composite. 



17, A polymer composite as clanned in Claim 1 5 or 16 which is in granular 
5 or monolith form. 

18, A polymer composite loaded with functioning matter selected from 
mammalian, plant and bacterial subcellular, cellular or multicellular matter 
and aggregates and mixtures thereof as claimed in any of Claims 15 to 17, 

10 additionally comprising biofimctional materials, selected from dru^s and 
veterinary products, agrochcmicals. h uman and animal health products, human 
and animal gr owth promoting, structural or cosmetic products, and absorbent 
materials for poisons and toxins, suitably sized and shaped for a desired 
application. 

15 

19, A polymer composite, a scaffold thereof or the process for the 
preparation thereof as claimed in any of Claims 1 to 18 for use as a support or 
scaffold for drug dch'very, for use in bioremediation, as a biocatalyst or 
biobanier for human or animal or plant matter, for use as a structural 

20 component, for example comprising the polymer and optional additional 
synthetic or natural metal, plastic, cari)on or glass fibre mesh, scrim, rod or 
like reinforcing for medical or surgical insertion, for insertion as a solid 
monolith into bone or tissue, as fillers or cements for wet insertion into bone 
or teeth or as solid aggregates or monoliths for orthopaedic implants such as 

25 pins, or dental implants such as crowns etc. 

20, A process for preparing a polymer composite, a polymer composite, a 

scaffoJd,_or the .use. thereof. substantially^ as described in-the description-or- - 

illustrated in the Examples, 

30 
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